The pollen of mugwort, plantain, sorrel, nettle and pigweed is an important airborne allergen source worldwide. The occurrence of pollen grains in the air is a seasonal phenomenon and estimation of seasonal variability in the pollen count permits evaluation of the threat posed by allergens over a given area. The aim of the study was to analyse the dynamics of Artemisia, Plantago, Rumex, Urticaceae and Chenopodiaceae pollen season in Szczecin (western Poland) in [2004][2005][2006][2007][2008] and to establish a relationship between the meteorological parameters versus the pollen count of the taxa studied. Measurements were performed by the Hirst volumetric trap (model Lanzoni VPPS 2000). Consecutive phases during the pollen season were defined for each taxon (1, 5, 25, 50, 75, 95, 99% of annual total) and duration of the season was determined using the 98% method. On the basis of this analysis, temporary differences in the dynamics of the seasons were most evident for Artemisia. Correlation analysis with weather parameters demonstrated that the maximum wind speed, mean and maximum air temperature, relative humidity and dew point are the main factors influencing the average daily pollen concentrations in the atmosphere.
INTRODUCTION
In the temperate climatic zone, the seasonal changes in pollen count in the air depend on the seasons of the year. The corresponding atmospheric pollen seasons are described by the start and end dates, duration of airborne pollen as well as the date and value of the maximum pollen count. Analysis of these data permits the determination of the dynamics of the pollen season and estimation of the rate of changes in the pollen count in the air relative to the annual total (S z c z e p a n e k , 1994).
Aerobiological studies providing data on exposure of people to allergens in the air are of substantial importance in pollen allergy diagnosis (R a p i e j k o et al. 2004 ). The most important agent causing pollinosis in Europe is herbaceous pollen. Approximate estimations indicate that in Europe 3-5% of the population suffer from pollinosis from May to August, during the flowering season (D ' A m a t o and S p i e k s m a , 2004). In this time, high concentrations of pollen from these taxa occur also in Szczecin. Allergic respiratory disorders of a population in a given geographical region are mainly determined by the presence and quantity of native plants causing allergy. Exacerbation of the disease symptoms is seasonal and related to the presence of pollen grains in the air. The start and end dates of the pollen seasons as well as the intensity of pollen production in different regions in Europe can differ significantly over the years (K a d o c s a and J u h a s z , 2002).
In aerobiological studies, especially in the analysis of the dynamics of pollen seasons, meteorological conditions are used to explain the shifts in the start and end dates of the pollination seasons and in duration of particular phenophases. Weather parameters are known to affect the dispersion dynamics of particles of biological origin. The release and dispersion of pollen also depend on the microclimate, which explains the differences in the timing of flowering and occurrence of pollen in the air within the same species (K a The aim of our study was to analyse the dynamics of pollen seasons in selected taxa to evaluate the threat posed by the presence of pollen aeroallergens in the air of Szczecin and to establish relationships between pollen concentrations and climatic factors.
MATERIALS AND METHODS
Szczecin is situated in Northwest Poland. The climate of the region is modified by the influence of Atlantic air masses and the proximity of the Baltic Sea.
Within the city area, there are synanthropic plants and trees introduced by man and also a primeval forest.
Analysis of pollen distribution was performed in Szczecin in the seasons of [2004] [2005] [2006] [2007] [2008] . The sampler was located 21 m above the ground level, in the city centre (53 º 26'26" N, 14 º 32'50" E). The sampler drums were changed weekly, and the tapes cut into 48-mm segments representing the previous 7 days. Average daily concentrations were presented as the number of pollen grains per cubic meter per 24 h.
Consecutive phases of the pollen season were distinguished as starting with 1, 5, 25, 50, 75 and 99% of the seasonal sum of pollen of each taxon studied. The course of the pollen season (Figure 1-5 ) was presented in the way proposed by L a t a ł o w a et al. (2002) . Duration of the pollen seasons of each taxon was defined as the period in which 98% of the total catch occurred (S p i e k s m a et al. 1995, J a t o et al. 2006) . The main pollen season was established as proposed by N i l s s o n and P e r s s o n (1981) as the period from which the sum of daily mean concentrations reached 5% of the total sum until the time when the sum achieved 95% of the total sum. On the basis of literature data, the number of days on which the pollen count of the taxa studied exceeded the threshold values at which the first allergy symptoms develop, was determined. . The meteorological data were provided by the Automatic Weather Station (Vaisala, Finland), located at the monitoring site. The meteorological parameters taken into consideration in assessment of the effect of meteorological conditions on airborne pollen were as follows: daily precipitation total, wind speed, relative humidity, air temperature and dew point. The degree of correlation between particular meteorological parameters and the concentration of grass pollen was described by the multiple regression model and Pearson's correlations (a statistical error risk was estimated at the significance level of 95%, = 0.05) using the Statistica version 0.9 (StatSoft. Inc., 2008).
RESULTS

Rumex:
The diagrams presenting the dynamics of the Rumex pollen seasons are slightly asymmetric. In 2005 and 2006 they are skewed to the right, the final phases were insignificantly longer than the initial ones (Fig. 1A) . The initial and terminal stages (5% and 95%) were very long in 2004 and 2005, with the main middle phases being short, when 50% (25-75%) of the total pollen count occurred in the air. The longest main stage was noted in 2008, accompanied by the shortest other phases. The pollen season was the longest in 2004 and the shortest in 2006; in both cases it was calculated using two methods -98% and 90%. Despite the long pollen seasons of sorrel (about 2-3 months), the risk from pollen allergens of this taxon in the period studied was very low or nonexistent (Tab. 1). The dates of maximum values of pollen count were recorded before the value of 50% of total pollen sum was reached in successive years, except the year 2004. In that year (2004), the maximum pollen concentration was noted 12 days after 50% of total pollen sum was reached (Fig. 1B, Tab. 1) .
The most important agents influencing the Rumex pollen count (in multiple regression) are wind speed, air humidity and maximum temperature ( Table 2) .
Plantago: The dynamics of the plantain pollen season was similar in each of the 5 years of the study period. The differences in duration of each particular stage (1-5%, 5-25%, 25-50%, 50-75%, 75-95%, 95-99%) were not longer than a few days ( Fig. 2A) . The pollen seasons of the Plantago genus were long and showed many peaks in successive years (Fig. 2B) . The maximum pollen counts were observed on different dates from the 16 th of July to the 10 th of August after the value of 50% of total pollen sum was reached, except the years 2005 and 2007. In these years, the date of maximum value was noted exactly on the day when a half of total pollen sum was recorded. However, in 2006 the maximum pollen counts occurred in the final stage (75-95%) (Fig.  1A, 2B ). The longest terminal phases (75-95%) were noted in 2007 and 2008. During the 5 years of this study, the Plantago pollen count did not exceed the threshold value, so no risk from pollen allergens of this taxon was noted in Szczecin in this period (Tab. 1).
In multiple regression analysis, significant correlations between the pollen count and wind speed and air temperature were noted only in 2006, however, with respect to air humidity and dew point only in 2007 . In 2005 , 2007 and 2008 , the most important weather factors in Pearson's correlation were humidity and maximum air temperature (Tab. 2).
Chenopodiaceae: In the 5 years of study, the diagrams describing the pollen seasons of Chenopodiaceae were irregular. The longest initial stage (5-25%) occurred in 2007, while the longest final stage (75-95%) in 2004 (Fig. 3A) . The earliest dates of the inceptive stage (1-5%) were recorded in 2007 and 2008 (first grains appeared already in the end of May). As the family Chenopodiaceae is represented by many taxa, the pollen seasons were long and the diagrams obtained in successive years had many peaks noted on different dates from the 27 th of July to the 19 th of August. The dates of maximum pollen count occurred in the middle phases Table. 1 Characteristic of the main pollen seasons -MPS (90% of total pollen sum) and number of days with pollen count over the allergenically significant value.
(25-75%) in the whole period of study (Fig. 3B , Tab. 1). Similarly as for the plantain pollen, the Chenopodiaceae pollen concentration did not exceed the threshold value at which allergy symptoms can appear. Significant correlations between the pollen count of this taxon and humidity as well as temperature were found only in 2006 and 2008 (Tab. 2) . (Fig. 4A) . The maximum values of pollen count were observed in a short span (23 days) from the 27 th of July to the 19 th of August. For most periods studied, the day of the highest concentration occurred approximately in the middle of the season, except the year 2008. In that year, the date of maximum value was noted in the initial phase (5-25%) (Fig. 4A,  4B ). The Artemisia pollen count exceeded the threshold value in Szczecin for a period of 1 to 14 days in 2006 and 2004, respectively (Tab. 1).
The main weather factors influencing the pollen count of mugwort are air humidity, maximum temperature and dew point (Tab. 2).
Urtica: The dynamics of the nettle pollen season was similar in the 5 years studied; the durations of particular stages were also similar (Fig. 5A ). As the family Urticaceae is represented by many taxa, the pollen seasons were very long and lasted in Szczecin from 51 days in 2007 to 71 days in 2008 (Fig. 5B) 
DISCUSSION
The pollen presence in the air has been known to trigger allergic respiratory diseases. In summer, pollinosis is most often evoked by herbaceous taxa allergens. The Rumex, Plantago, Chenopodiaceae, Artemisia and Urtica sporomorphs occur abundantly in the air over the majority of the area of Poland from the end of May till the second decade of August (S z c z ep a n e k , 1994; P i o t r o w s k a and W e r y s z k o -C h m i e l e w s k a , 2003), which also holds true for Szczecin. Aerobiological literature provides different methods for determination of pollen seasons. The criteria for determination of the shortest and longest pollen seasons as well as the start and end dates, differ in various cities and for individual taxa under study. Often, the results for a given taxon also depended on the year of study. J a t o et al. (2006) analysed five pollen types (Betula, Poaceae, Olea, Platanus and Quercus) from three different areas (Ourence and Cordoba in Spain and Bologna in Italy) and observed the smallest differences in duration, start-dates and end-dates for Platanus and the greatest ones for Poaceae. In Szczecin, in the period of the 5 years of study the smallest differences in the dynamics of the pollen seasons were obtained for Urtica and Plantago, while significant differences were noted for Artemisia.
In Switzerland, the herbaceous species Plantago, Rumex and Urtica flower from the end of April to September, Chenopodiaceae from June to September and Artemisia from July to September. The seasonal pollen index (SPI) for these taxa is rather low and they play a minor role as allergy producers in Switzerland. In the years with hot, dry summers, a higher value than normal for the SPI is observed in the case of some of this species (G e h r i g , 2006), especially for Plantago and Chenopodiaceae. According to their ecological habitats, Plantago and Chenopodiaceae are more tolerant to drought than other species. Similar properties of the pollen season of these taxa were noted in Szczecin.
On the basis of analysis of the seasonal dynamics in the pollen calendars, S z c z e p a n e k (1994), K a s p r z y k (1995), R o d r i g u e z -R a j o et al. The first group includes the taxa whose pollen season is characterised by compact single-peak seasons. The second group, comprising mainly herbaceous plants, includes the taxa in the rank of genus or family with many species (Rumex, Poaceae, Chenopodiaceae). These pollen seasons are long and show many peaks in successive years. Therefore, it can be concluded that the number of species included in the same pollen type significantly influences the duration of the pollen season. The presence of many peaks on the diagrams illustrating the pollen seasons for this group of plants can be also related to variable weather conditions over a given area. An analogous character of the pollen seasons of the taxa studied was observed in Szczecin.
The dates of the initial phase and of the other phases of the pollen seasons of the taxa studied, noted in successive years, were different. The differences were accounted for by weather conditions, especially air temperature, relative humidity, rainfall and wind direction (M e s a et al. 2003, S i l v a P a l a c i o s et al. 2007). In Szczecin, the multiple regression analysis revealed strong correlations with relative humidity, maximum wind speed, maximum air temperature, dew point temperature for the Artemisia, Urtica and Plantago pollen seasons. Statistically significant Pearson's correlations were found mainly with relative humidity, air temperature and dew point. D o c a m p o et al. (2007) also observed significant Spearman's correlations for Urticaceae pollen at minimum and mean temperature during the summer in Nerja, Spain. Similarly as in Szczecin, a positive, significant correlation between the Plantaginaceae pollen count and air temperature, dew point temperature and wind speed was noted in Sydney, Australia, by S t e n n e t and B e g g s (2004) .
CONCLUSIONS
Analysis of the pollen seasons of selected herbaceous plants has shown that temporary differences in the dynamics of pollen seasons are most evident for Artemisia.
The taxa of long pollen seasons are usually characterised by low pollen annual totals. For the taxa showing short pollen seasons, particular phases are compact and the annual totals high.
The number of days with the threshold and high pollen count, important for pollinosis sufferers, was significant for Artemisia and Urtica.
The multiple regressions revealed strong correlations of the pollen count with relative humidity, maximum wind speed, maximum air temperature, dew point temperature for the Artemisia, Urtica and Plantago pollen seasons. Statistically significant Pearson's correlations were found mainly with relative humidity, air temperature and dew point.
